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Description 

[0001] The present invention relates to a novel thiophene derivative and a polymer thereof and methods for producing 
the same. More specifically, it relates to a thiophene derivative and a polymer thereof that will respond to optical and 

5 electric stimuli and are accordingly useful as photorecording materials and light-electricity response devices. 

[0002] Chemical compounds which will vary their colors in response to light irradiation are known as photochromic 
compounds. Various photochromic compounds have been proposed for use in photo-recording, or as photo-memories, 
photo-switches, actinometers or display materials. They include azobenzenes, spiropyranes, spirooxazines, andfulg- 
ides. However, these conventional photochromic materials had disadvantages; they are thermally unstable during a 

10 color development phase and are subject to gradual disappearance of color even at room temperatures, thus leading 
to a consequent decrease in recording stability. And, they possessed less than sufficient repetitious durability, and 
hence became degraded in due course while being subjected to repeated phases of color development and disap- 
pearance. 

[0003] One example of the conventionally known photochromic compounds which possess thermal stability during 
15 a color development phase and relatively good repetitious durability is diarylethenes; they are found in the description 
of the Japanese Provisional Patent Publication No. 135977/91, No. 261762/91, No. 261947/91, No. 51379/91, No. 
59025/91 , and No. 247034/91 . They still suffer from the problems with absorption wavelength and sensitivity, though. 
In particular, in order to apply semiconductor laser technology to photorecording, there has been need for photochromic 
compounds having an absorption at wavelengths greater than 800nm, but they are not yet to be realized. 
20 [0004] Chemical compounds that will change color in response to electrical stimuli, on the other hand, are referred 
to as electrochromic compounds, and are considered promising as display materials. During recent years, n conjugate 
high polymers have been found to show electochemically doped or undoped phenomena with electrochromism and to 
be electrically conductive while in a doped state. Examples of n conjugate high polymers that exhibit such properties 
are polythiophene, polypyrole and polyaniline. Oligomers of thiophene and pyrole are also known to show electro- 
ns chromism, and additionally can be easily polymerized into high polymers. 

[0005] Nevertheless, these conventional electrochromic materials were nothing short of satisfactory in stability and 
durability, and had much to improve in electrical response. 

[0006] As compounds which show both photochromism and electrochromism, anthraquinones having an azo group 
are disclosed in the Japanese Provisional Patent Publication No. 68553/87. Photochromism at the azobenzene site 

30 was such that they were so thermally unstable during a color development phase that they showed gradual disappear- 
ance of color even at room temperatures, thereby leading to a consequent degradation in their recording stability. 
[0007] To overcome these problems, the present invention has the objective of providing new compounds, as well 
as methods for producing the same, which can respond both to electric and optical stimuli, and which, hence, are 
thermally stable while they are developing color and possess relatively good repetitious durability. 

35 [0008] To provide solutions to the problems referred to above, by polymerizing the aryl site of diarylethene into a n 
conjugate oligomer, present invention provides a novel thiophene derivative and the polymer thereof which combine 
two properties: photochromism, a phenomenon in which they are thermally stable during a color development phase 
and show relatively outstanding repetitious durability, and electric response which they show at the n conjugate oligomer 
site. 

40 [0009] The present invention provides a thiophene derivative expressed by the Formula (I). 



45 




c i ) 



50 

(Where n and m are independent integral numbers of 0 or more; R 1 is a hydrogen atom, a halogen atom or a 
trialkylsilyl group; R 2 are an alkylene group which may possess a substituent group or a -COOCO-group forming ring 
with an ethylenic linkage, respectively, or exclusively a cyano group; and R 3 , R 4 and R 5 are a hydrogen atom or an 
alkyl group, respectively; with the proviso that when the two R 2 groups together represent the linkage - (CF 2 ) 2 34pr5 
55 - and m=n=0, R 1 is not H.) 

[0010] In the accompanying drawings: 

[0011] FIG. 1 shows a state in absorption spectrum as an example. 

[0012] FIG. 2 shows the electrochromism of a ring-closure product due to re-oxidation as an example. 
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Detailed Description of the Invention 

[0013] This invention is a method for producing the thiophene derivative, as described in Formula (1), wherein R A is 
a hydrogen atom or a trialkylsilyl group larger than 0; R 1 is a hydrogen atom, a halogen atom or a trialkylsilyl group; 
Rgs are an alkylne group which may contain a substituent group to form a ring with an ethylenic linkage and a -COOCO- 
group, respectively, or, exclusively acyano group; and R 3 , R 4 and R 5 are hydrogen atom or an alkyl group, respectively; 
with the proviso that when the two R 2 groups together represent the linkage - (CF 2 )2,3.4or5- and m=n=0, Ri is not H.) 
[0014] This invention provides a method for producing the thiophene derivative, represented by Formula (1), wherein 
R 1 is a hydrogen atom or a trialkylsilyl group comprising the step of: 

allowing an alkene compound expressed by the following Formula (II) to react with a thiophene compound ex- 
pressed by Chemical Formula (III) below. 



15 R % R* 

\ ~t(V (jdc) 



20 



(where R 2 5 are an alkylene group which may possess a substituent group or a -COOCO- group forming a ring 
with an ethylenic linkage, respectively, or, exclusively, a cyano group in every case, and Z is a halogen atom.) 



25 



30 




CUT) 



(where, 1 shows any integral number 0 or more; R is a hydrogen atom, a halogen atom or a trialkylsilyl group; R 3 , 
R 4 and R 5 are independent constituents, and are a hydrogen atom or an alkyl group, respectively; and X is a 
35 halogen atom; with the proviso that when the two R 2 groups together represent the linkage -(CF 2 ) 234or5 - and 

1=0, R 1 is not H.) 

[0015] This invention provides : in particular, 

40 a method for producing a thiophene derivative, wherein an alkene compound by Formula (II) is peril uorocych- 

loalkene which can be expressed by Formula (IV): 



45 

(IV) 




(where, k is an integral number ranging from 2 to 4.) The instant invention also provides a method for producing 
a thiophene derivative, wherein R 1 is a hydrogen atom or a trialkylsilyl group, comprising the step of: 
allowing an alkene compound expressed by the following Formula (V) to react with a thiophene compound ex- 
pressed by Formula (VI) below. 



BNSDOCID: <EP__0698605B1_L> 



3 



EP 0 698 605 B1 




CV) 



(where p and q are independent integral numbers of 0 or more; Rq is a halogen atom; RgS are an alkylene group 
which may possess a substituent group or a -COOCO- group forming a ring with an ethylenic linkage, respectively, 
or, exclusively, a cyano group; and R 3 , R 4 and R 5 are independent constituents, and are a hydrogen atom or an 
alkyl group, respectively.) 




(VI) 



(where, r shows any integral number greater than 0; R 4 and R 5 are independent constituents, and are a hydrogen 
atom or an alkyl group, respectively; Y shows a -B(OH) 2j trialkyl tin residue or a halogenated magnesium residue; 
and R-, is a hydrogen atom or a trialkylsilyl group.) 

[0016] The present invention also provides three methods for producing athiophene derivative. The first method (for 
producing a thiophene derivative), wherein R 1 is a halogen atom, comprises the step of substituting a hydrogen atom 
or a trialkylsilyl group, a constituent element expressed as R 1 in Formula (I), by a halogen atom, 
[0017] The second (method for producing a thiophene derivative), wherein R 1 is a hydrogen atom, comprises the 
step of causing an acid decomposition reaction of a trialkylsilyl group to give a hydrogen atom as R 1 in Formula (I), and 
[001 8] The third (method for producing a thiophene derivative), wherein R., is a trialkylsilyl group, comprises the step 
of substituting a halogen atom as expressed as R., in Formula (I) by a trialkylsilyl group. 

[0019] Additionally, the instant inventions also provides a thiophene derivative, a photoisomer of a thiophene deriv- 
ative represented by Formula (I) and which can be expressed by Chemical Formula (VII): 




(Vtt) 



wherein R^Rs, m and n are hereinbefore defined. 
[0020] The present Invention further provides a thiophene derivative polymer which has a building block expressed 
by the following Formulae (VIII) and (IX), and a method for producing the same, comprising the steps of polymerizing 
electrolytically or through oxidation of a thiophene derivative expressed by the following Formula (X) or (XI), 
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(XI) 



(XI) 



20 (Where, W is a halogen atom.) 

[0021] The thiophene derivative expressed by Formula (1) above of this invention is characterized primarily by two 
thiophene oligomer chain where the coefficients n, m are independent integral numbers of 0 or more, preferably 0-6, 
and by a carbon-carbon double bond of alkene joining them. 
25 [0022] Rt is hydrogen atom or halogen atom which may be chlorine, bromine, or iodine, or trialkylsilyl group which 
typically includes trimethylsilyl, triethylsilyl, trip ropy Is ilyl, tributylsilyl, and t-butyldimethylsilyl. 

[0023] R 2 for alkylene group, which may possess a substituent to form a ring with an ethylene linkage preferably 
forms a carbon ring with C 4 or greater. The substituent may be a halogen atom including fluorine, an ether group, an 
ester group, an alkylamino group, a nitro group, or a cyano group. Alternatively, R 2 may be a -COOCO- group which 
30 make acid anhydride ring, or it may be a cyano group, exclusively. 

[0024] R 3 , R 4 and R 5 for alkyl groups may preferably be in the order of C A to C 20 . Examples include methyl groups, 
propyl groups, butyl groups, pentyl groups, hexyl groups, heptyl groups, octyl groups, nonyl groups, decyl groups, 
octadecyl groups, or dodecyl groups. 

[0025] With the proviso that when the two R 2 groups together represent the linkage - (CF 2 ) 2 3 4or5 - and m=n=0, R 2 
35 j s not H. 

[0026] An alkene compound represented by Formula (II) is reacted with a thiophene compound in Formula (III) to 
produce the thiophene derivative represented by Formula (I), the target compound of the instant invention. In the 
production process, it is possible to make a lithio product of the thiophene oligomer in Formula (III) using an alkyl 
lithium, and then to add to the reaction solution of the alkene compound expressed by Formula (II), for example, 

40 perfluorocycloalkene, to induce a coupling reaction. The alkyl lithiums that can be most advantageously used for the 
reaction are n- butyl lithium, s-butyl lithium, ort-butyl lithium. It is preferable to use the alkyl lithium in 1 to 1 .2 equivalent 
amount to thiophene oligomer. Diethylether, tetrahydrofuran or other ether solvents are best suited reaction solvents. 
It is desirable that the production of the lithio product with the alkyl lithium is made at low temperatures, most preferably, 
-80°C to -40°C. It is also desirable to complete the reaction within one hour, preferably in 5 to 30 minutes. If the coupling 

45 reaction is carried out by adding perfluorocycloalkene, the reaction temperature should be -80°C to -40°C at the start 
of the reaction, and increased slowly until room temperature to complete the reaction. It is most preferred to complete 
the reaction in one to 20 hours. Octafluorocyclopentene, hexafluorocyclobutene, and decafluorocyclohexane are 
among the most preferred candidates of perfluorocycloalkene. The perfluorocycloalkene is used in equivalents of 0.3 
to 1 to the thiophene oligomer, the starting substance. The thiophene oligomer replaces two vinyl -co ordination fluorine 

so atoms in perfluorocycloalkene to give a thiophene derivative having a dialylethene structure represented by Formula 
(I). The product is washed off to remove reaction solvent, and then is purified by the normal treatment process to 
produce the thiophene derivative expressed by Formula (I), 

[0027] In the case of an excess of perfluorocycloalkenes, a by-product in which the perfluorocycloalkene is replaced 
by one thiophene oligomer can be obtained. The thiophene derivative was produced by a reaction of the by-product 
55 with a lithio product of the thiophene oligomer, too. 

[0028] In the production of above thiophene derivatives, the target compound of the present invention, it is possible 
to extend the thiophene oligomer side chains from the compound as expressed by Formula (I) where R 1 for halogen 
atom is chlorine, bromine or iodine. This means that a compound expressed by Formula (I) where R 1 for halogen atom 



6 



BNSDOCID: <EP 069860 58 1. J _> 



EP 0 698 605 B1 

is chlorine, bromine or iodine is caused to react with a thiophene compond expressed by Formula (IV), giving the 
derivatives with more side chains. Specific examples of the compounds used forthis reaction and expressed by Formula 
(I) where R t is chlorine, bromine and iodine are: 1 ,2-bis(5-bromo-2-methyl-3-thienyl) hexafluorocyclopentene, 1 ,2-bis 
(5-chloro-2-methyl-3-thienyl) hexafluorocyclopentene, 1 ,2-bis (5-iodo-2-methyl-3-Lhienyl) hexafluorocyclopentene, 

5 1 ,2-bis(5-bromo-2,4-dimethyl-3-thienyl) hexafluorocyclopentene, 1 ,2-bis (5-chloro-2, 4 : dimethyl-3-thieriyl) hexafluor- 
ocyclopentene, 1,2-bis (2,4-dimethyl-5-iodo-3-thienyl) hexafluorocyclopentene, 1 ,2-bis (5-bromo-4-butyl-2-methyl- 
3-thienyl) hexafluorocyclopentene, 1,2-bis (4-butyl-5-chloro-2-methyl-3-thienyl) hexafluorocyclopentene, 1 ,2-bis (5-io- 
do-4-butyl-2-methyl-3-thienyl) hexafluorocyclopentene, 1,2-bis (5-bromo-2-methyl-4-stearyl-3-thienyl) hexafluorocy- 
clopentene, 1 ,2-bis (5-bromo-2-methyl-3-thienyl) octafluorocyclopentene, 1 .2-bis (5-iodo-2-methyl-4-stearyl-3-thienyl) 

10 octafluorocyclopentene, and 1 ,2-bis(5-iodo-2-methyl-3-thienyl) octafluorocyclopentene. In the compound expressed 
by the general formula (VI), Y is an organic metal substituent group, known to couple with allyl halide, and may be a 
boric acid residue, boric acid ester residues, such as dibutoxy, and dimethoxy boric acid, trialkyl tin esidues such as 
tributyl and trimethyl tin, or magnesium halide residues, such as magnesium bromide and magnesium chloride. 
[0029] The compound expressed by Formula (VI) is used in 2 to 3 equivalents per unit of the halogen compound 

is according to Formula (V). The best solvents for the reaction are diethylether, tetrahydrofuran, dioxane, dimethoxy 
ethane and other ether solvents, and toluene, xylene and other aromatic solvents. Use of the following catalysts for 
the reaction often brings about favorable results: palladium tetrakis (triphenylphosphine), palladium tris(dibenzylidene 
acetone), carobnyltris(triphenylphosphine) palladium, bis (t-butylisocyanate) palladium and other palladium -catalysts, 
or bis nickel(aceacetyl acetone), nickel tetrakis (triphenylphosphine), nickel dichlorobis (triphenylphosphine) and other 

20 nickel catalysts. It is desirable, for instance, to add 0.1 to 1 0 percent of the halogen compound expressed by Formula 
(V), as a substrate material. The reaction takes place at temperatures ranging from room temperatures to 1 50°C S and 
it should be carried out normally under the conditions of refluxing solvents. The reaction is usually completed in 30 
minutes to 24 hours. The reaction solvent is concentrated and purified with normal treatment to give the thiophene 
derivatives expressed by the normal Formula (I). 

25 [0030] Interconversion reactions of the substituent of the tiophene derivatives represented by R n in Formula (l)^can 
be performed in the following: manners. A trialkylsilyl group for R 1 in the thiophene derivative represented by Formula 
(I) is replaced by chlorine, bromine, iodine to give the thiophene derivative in which R 1 is chlorine, bromine, or iodine. 
In such a case, it is desirable to use halogen molecules in 1 .5 to 2.5 equivalents to the thiophene derivative. In the 
case of too excess of halogen molecules, p-site in a thiophene ring may be halogenated. Reaction solvents used are 

30 ether solvents such as dioxane and dimethoxyethylene, chlorine solvents such as chloroform, ethylenedichloride and 
carbontetrachloride, acids such as acetic acid and iodic acid, or a mixture of these. The reaction temperatures are 
most advantageously in the range of room temperature to 120°C S and the reaction time extends 30 minutes to 100 
hours. The product is rinsed with water to remove the reaction solution and purified with a normal treatment process 
to give the thiophene derivative where R 1 is a halogen atom. 

35 [0031] A hydrogen atom for R 1 in the thiophene derivatives expressed by Formula (1), is possible to replace by a 
halogen atom to give the derivatives in which R 1 is chlorine, bromine or. iodine. This is a simi liar procedure to that a- 
hydrogen atom in a thiophene ring is reacted with halogen molecules and replaced thereby, giving a halogen material. 
In this case, it is desirable to use the halogen molecules in 1 .5 to 2.5 equivalents to the thiophene derivative. If halogen 
molecules are in too excess, p-site in a thiophene ring of the thiphene derivatives may be halogenated. The following 

40 solvents can be used for the reaction: ether solvents such as dioxane and dimethoxyethylene, chlorine solvents such 
as chloroform, ethylene dichloride and carbon tetrachloride, acids such as acetic acid and iodic acid, or a mixture of 
these. The reaction temperatures are most preferably range from room temperature to 120°C, and the reaction time 
extends 30 minutes to 100 hours. The product is rinsed with water to remove the reaction solution and purified with a 
normal treatment process to give the thiophene derivative where H-\ is the halogen atom. 

45 [0032] Another method available consists of releasing a-hydrogen atom in the thiophene derivative with lithium di- 
isopropylamine to give cation, and then replacing the same by a halogen atom. The amount of lithium diisopropylamine 
for the reaction is most preferably in equivalents of 2 to 2.5 to the thiophene derivative. The most desirable reaction 
solvents are diethylether, tetrahydrofuran and other ether solvents. It is preferable that reactions with lithium diisopro- 
pylamid take place at low temperatures. A reaction should be completed within one hour, preferably in 5 to 30 minutes. 

so The addition of halogen molecules should be conducted at temperatures ranging from -80°C to room temperatures; 
the temperatures should be as low as -80°C to -40°C at the start of the reaction, and should be increased slowly to 
room temperatures until the reaction ends. The best preferable reaction time is 1 to 24 hours. The product is rinsed 
with water to remove the reaction solution and purified with a normal treatment process to give the thiophene derivative 
in which R 1 is a halogen atom. 

55 [0033] It is also possible to decompose with acid the trialkyisilyl group of the devivatives expressed by Formula (I) 
and to give the thiophene derivative with hydrogen as R v In this case, a trialkylsilyl compound is dissolved in benzene, 
toluene and other aromatic solvents, chloroform, ethylene di-chloride, carbon tetrachloride and other chloride solvents, 
and dioxane, dimethoxyethylene and other ether solvents. The resulting solution is stirred while hydrobromic acid and 
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hydroiodic acid are added, and is then hydrolyzed. The most preferable reaction temperature is in the range of room 
temperatures to 120°C, and the amount of acids may be far in excess of their equivalent weight. The product is washed 
with water to remove the reaction solution, and then purified with a normal treatment process to give a thiophene 
derivative having a hydrogen atom as R v 

5 [0034] Now, let us consider a case where for the derivatives expressed by Formula (I) in which is a halogen atom, 
including chlorine, bromine and iodine, such halogen atom is replaced by a trialkylsilyl group to produce the thiophene 
derivative with a trialkylsilyr group as R v The derivatives expressed by Formula (I) in which R 1 is a halogen atom is 
made into lithio product from alkyl-lithium, and with trialkylsilane haiide added to the reaction solution, coupling is 
allowed to take place. Among the most preferred alkyllithiums for the reaction are n-butyllithium, s-butyllithium, and t- 

10 butyllithium. It is desirable to use alkyllithium in 2 to 2.5 equivalents to the thiophene derivatives. Ether solvents, in- 
cluding diethylether and tetrahydrofuran, are the most preferable reaction solvents. Lithionization with alkyllithium 
should be conducted below room temperatures, -80°C to -40°C in particular. It is desirable to complete a reaction within 
one hour. During coupling with trialkylsilyl haiide added, temperatures should bein the range of -80°C to room temper- 
atures. They should be at low temperatures In the range of -80°C to -40°C, and be increased gradually to room tem- 

15 peratures until the completion of the reaction. Most preferably, it should take one to 24 hours to complete a reaction. 
Examples of trialkylsilane haiide for the reaction are trimethylsilylchloride, trimethylsilylbromide, t-butyldimethylsi- 
lylchloride, and t-butyldimethylsilyl-bromide. The trialkylsilane is used in equivalents of 2 to 3 to thiophene oligomer, 
the starting substance. The resultant product can be watered to remove the reaction solution and then purified with 
the normal treatment process. 

20 [0035] The thiophene derivative by Formula (I) as produced by the aforestated procedure is extracted with a solution 
and purified by a normal treatment process, such as column chromatogram using slicagel or alumina, inverted-phase 
high-speed liquid chromatogram, and recrystalization. The thiophene derivative according to the present invention 
brings about light-induced ring closure reactions and shows changes in color. For this reason, it is desirable to conduct 
purification with light shut off. 

25 [0036] As described in the following Formula, 



30 



35 



40 



45 




50 



[0037] The thiophene derivative according to the present invention photoisomerizes to a ring closure product in 
Formula (VI!) from a ring opening product in Formula (I) by irradiating ultraviolet light. The ring closure product absorbs 
55 light in longer wavelengths than the ring opening product. The ring opening product is colorless or yellow, while the 
ring closure product is highly colored or red, blue or green, etc. The colored ring closure product. has high thermal 
stability, showing no change in color at a dark place for extended hours. When the ring closure product in Formula (VII) 
is irradiated with visible light, it reverses back to the ring opening product in Formula (I), and then their color disappears. 
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The photochromism caused by this light-induced ring closure and ring opening can be considered to occur in a similar 
mechanism as with the diarylethene compound heretofore reported. The conventional reports on this subject include: 
Org. Chem., 53, 803-808 (1988), Bull. Chem. Soc. Jpn.. 63, 1311-1315 (1990), and J. Phys. Chem., 96, 7671-7674 
(1882). When the photochromism of the thiophene derivative according to the present invention is considered in terms 
5 of structural change of molecule, two side chains of the thiophene derivatives are twisted when in a ring-opening state. 
They are not conjugated and so the ring-opening state absorbs light in short wavelengths. While in a ring-closure state, 
they generally have a planar structure, the thiophene oligomer is considered to be conjugated and show long-wave- 
length absorption. 

[0038] One of the features of the instant invention lies in the fact that as the thiophene oligomer chain contained in 
10 a thiophene derivative extends, the absorption bands of light ring-closure structure shift to longer wavelength bands, 
easily producing a photochromic compound with longer wavelength absorption bands. If this thiophene derivative ac- 
cording to the instant invention will be used as photochromic recording material, it can be made into a material for that 
application easily by the known process. For instance, the thiophene derivative according to the present invention is 
deposited onto an appropriate substrate by an evaporation method, or it is dissolved or dispersed in a solvent together 
is with polyester resin,polystyrene resin, polyvinyl chloride, polyvinylbutyral resin, polymethylmethacryl acid ester resin, 
phenol resin and polycarbonate resin, with the resulting product coated onto an appropriate substrate. By these proc- 
esses, photorecording layers are formed on the substrate for use as phtorecording material. 

[0039] The thiophene derivative according to the present invention possesses a thiophene oligomer site which, like 
normal thiophene oligomers, is electrochemically oxidized to produce cation radicals. The oxidation potential tends to 

20 become low as the thiophene unit increases. By comparing the oxidation potentials of the ring-opening product in 
Formula (I) and the ring-closure product in Formula (VII), respectively, of the thiophene derivative material according 
to the present invention, it was observed that the oxidation potential of the ring-closure material is lower than that of 
the ring-opening product in Formula (I), by as much as IV at the maximum. Like the observation as to absorption 
spectrum, this indicates that the two thiophene oligomer side chains are not conjugated in the ring-opening product, 

25 but that they are conjugated in the ring-closure product. Such large difference in oxidation potential between photoi- 
somers testifies that the thiophene derivative according to the present invention acts as a switch to control oxidation 
potential with light. 

[0040] If this thiophene derivative according to the instant invention is dissolved in an organic solvent containing a 
supporting electrolyte to build an electrochemical cell and a potential is established between the oxidation potentials 
30 of the ring-opening product and of the ring-closure product, no current flows for the ring-opening product (no oxidation 
occurs).When a ring-closure product is produced as a result of light irradiation, currents flow (oxidation takes place). 
This provides a switch system that can turn electric current on and off. 

[0041 ] The thiophene derivative expressed by Formula (I) can change Into this polymer. The subatances represented 
by Formulas (VII)(IX) are polymers according to the present invention. 
35 [0042] The polymers according to the present invention can be produced through electrolytic polymerization of the 
thiophene derivative expressed by Formula (I) in which R 1 is a hydrogen atom. 

[0043] A derivative with a hydrogen atom as is dissolved in a solution containing a supporting electrolyte in a 
concentration of 0.01 to 1 mol dm " 3 . The solvents used include acetonitrile, tetrahydrofuran, ethylene chloride, chlo- 
roform, ethylene dichloride, and plopyrene carbonate. Forthe supporting electrolyte, potassium toluene sulfonate acid, 

40 lithium perchlorate, lithium tetrafluoroborate, and other alkali metal salt, tetramethylammonium perchlorate, tetraethy- 
lammonium perchlorate, tetrabutylammonium perchlorate, tetramethylammonium tetrafluoroborate, tetraethy I ammo- 
nium tetrafluoroborate, tetrabutylammonium tetrafluoroborate, and other class 4 ammonium salt. The electrode used 
are of platinum, gold, palladium and other noble metals, or electrically conductive glass electrodes coated with gold, 
indium-tin oxide or tin oxide or electrically conductive plastic electrode. Voltages required for oxidation vary from com- 

45 pound to compound, but they generally range from 0.5 to 2.5V (the potential with respect to saturated calomel elec- 
trode). As stated above, compared with the ring-opening product expressed in Formula (I), the ring-closure product in 
Formula (VII) has a lower oxidation potential. Another way of saying this is that the ring-closure product expressed in 
Formula (VII) is more prone to be electrolytically polymerized at lower voltages. 

[0044] Polymers obtained by the electrolytic polymerization process may be insoluble and infusible, in which case 
so a film polymer is formed on the electrode. The polymer obtained here can be employed as modified electrode. The 
modified electrode obtained as a result of electrolytic polymerization of the ring-closure product of the thiophene de- 
rivative shows reversible oxidation-reduction reactions accompanying changes in color. The changes in color vary 
depending on the type of polymers, but oxidants tend to have absorption in longer wavelength bands than reductants. 
[0045] The polymers expressed by Formulas (VII)(IX) according to the present invention can be obtained by the 
55 oxidative polymerization of a derivative expressed in Formulas (l)(VII) in which R 1 is a hydrogen atom. 

[0046] For instance, these compounds are subject to chemical polymerization using an oxidizing agent. 

[0047] The oxidising agent is used in 0.8 to 5 equivalents for derivatives expressed in Formulas (I) (VII). Examples 

of the oxidizing agents include ferric chloride t sulfuric acid, and nitric acid. The solvents used are acetonitrile, tetrahy- 
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drofuran, ethylene chloride, chloroform, and ethylene dlchloride. Reactions take place at temperatures from -40°C to 
30°C. It takes a few seconds to 12 hours to complete a reaction. 

[0048] The derivatives expressed by Formulas (XII)(XIII) where R are a halogen atom by Formulas (l)(VII) can be 
chemically polymerized, using magnesium and nickel compounds, palladium compounds, cobalt compounds, iron com- 

5 pounds and other catalysts. 

[0049] One equivalent of magnesium is allowed to react with the thiophene derivative expressed by Formulas (XII) 
(XIII) to give Grignard reagent. A catalyst in 0.001 to 0.1 equivalents are added to cause coupling. The catalysts are 
nickel dichloro (2,2'-bipyridine), nickel dichloride, nickel dichloro [1 ,3-bis (diphenylphosphino) propane] and other nickel 
compounds, palladium dichloro(2,2'-bi-pyridine), palladium tetra (triphenylphosphine) and other palladium compounds, 

10 cobalt chloride and other cobalt compounds, and iron compounds such as ferrite chloride. The solvents used are 
acetonitrile, tetrahy drofuran, methylene chloride, chloroform, and ethylene dichloride. A reaction takes place at tem- 
peratures ranging from room temperatures to approximately 120° C. It takes a few seconds to 12 hours to complete a 
reaction. 

[0050] The polymers obtained by the chemical polymerization process according to the present invention are clas- 
15 sified into two groups depending on the kind of their substituent groups R 3 , R 4> and R 5> the insoluble and infusible 
polymers and the ones soluble in solvents. When one or more of the substituents R 3 , R 4 , and R 5 is a long-chain alkyi 
group with Cj to C 20 , including heptyl, octyh nonyl, decyl, octadecyl and dodecyl, polymers soluble in solvents tend to 
be produced. If a polymer is insoluble and infusible, it is possible to purify ft by filtering the reaction mixture. If a polymer 
is soluble in solvents, normal purification processes, such as extraction and gel filtration, are applicable. Polymers 
20 soluble in solvents have a molecular weight of some 1 ,000 to 50,000. The polymers soluble in solvents exhibit photo- 
chromism and electrochromism in a solvent. 

[Operation] 

25 [0051] As described above, the thiophene derivative according to the present invention provides a photochromic 
compound having a high thermal stability and a good repetitious durability against the development and disappearance 
of color, as well as an optical switch that can control oxidation-reduction response. It is possible, moreover, to easily 
polymerize the thiophene derivative according to the present invention by electrolytic polymerization or chemical po- 
lymerization. The resultant polymer also shows both photochromism and electrochromism, thus providing optical re- 

30 cording materials and photoelectroswitch materials. 

Embodiments 

[0052] With specific examples cited below, this invention will be described in further detail. 
35 [0053] The chemical structure of the thiophene derivative according to the present invention is determined on the 
basis of mass analysis spectrum (MS), and nuclear magnetic resonance spectrum ( 1 H, 13 C). Using a 500 W xenon 
lamp as a light source for photochemical measurement, the light emitted therefrom was passed through various glass 
filters to give ultraviolet light and visible light. 

40 Example 1 

[0054] Into a dry three-way flask, 3-bromo-2-methyl-5-trimethylsilylthiophene (4,99 g, 0.02 mol) and diethylether (1 00 
ml) were placed and allowed to cool to -78°C in an acetone-dry ice bath under an argon gas atmosphere. By adding 
sec-butyllithium (cyclohexane solution, 0.024 mol), the product was stirred for thirty minutes, and then was allowed to 
45 react at -78°C for 2 hours by adding octafluorocyclopentene (1.4 ml,0.011 mol). The reaction product was heated to 
room temperatures, and the organic layer was extracted by adding water. The layer extracted was concentrated, and 
purified by alumina column chromatogram to give 1 ,2-bis(2-methyl-5-trimethylsilyl-3-thienyl) hexafluorocyclopentene 
(2.6 g, 0.005 mol). 

so m.p. 91.4°C 

MS(m/e)513(M + ) 

1 H-NMR (CDCI3) 0.24(s, 1 8H). 1 .89(s, 6H), 7.02 (s,2H) 
13C-NMR(CDCI 3 ) -0.3(s), 14.0(s), 111.3 (t, q), 
116.3 (t, t), 126.6, 134.1, 136.6 (m), 138.8, 146.8 

55 

[0055] A hexane solution of this 1 ,2-bis(2-methyl-5-trimethylsilyl-3-thienyl)hexafluorocyclopentene (0.97 x 1 0* 5 mol 
dm - 3 ), which has Shoulder (e = 67400) absorption at 300 nm but is colorless, showed an absorption at 545 nm and 
assumed red, when irradiated by ultraviolet light. This spectral change was shown in FIG. 1. The absorption at 545 
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20 



50 



nm was considered attributable to the production of a ring-closure product due to a photo ring formation reaction, An 
acetonitrile solution (10 mmol dm" 3 , including 0.1 mmol dm" 3 tetrafluoroammonium tetrafluoroborate as a supporting 
electrolyte) of 1 2-bis(2-methyl-5-trimethylsilyl-3-thienyl)hexafluorocyclopentene was examined for oxidation-reduction 
characteristics.' It was found that the oxidation potential was 1 .QOVfAg/AgCICg for the ring-opening product, while it 
was 0.69V(Ag/AgCIO 4 ) for the ring-closure product. 



EXAMPLE 2 



[0056] Into a dry three-way flask, 3-bromo-2-methyl-5-methylthiophene(1 0.3 g, 0.045 mol) and diethylether(200 ml) 
io were placed and allowed to cool to -78'C in an acetone-dry ice bath under an argon gas atmosphere. By adding n- 
buty I lithium (hexane solution, 0.05 mol), the product was stirred for thirty minutes, then was allowed to react at -78°C 
1or2 hours by adding octafluorocyclopentene (3.86 g, 0.02 mol). The reaction product was heated to room temperatures, 
and the organic layer was extracted by adding water. The layer extracted was concentrated, and purified by silica gel 
column chromatogram to give 1 ,2-bis(2-methyl-3-thienyl)-hexafluorocyclopentene (2.0 g, 0.0054 mol) for use in Ex- 
15 ample 6. 



m. p. 73.6°C 
MS(m/e) 368(M + ) 

1 H-NMR (CDCI 3 ) 1.83(s, 6H). 7.06(d, 2H), 7.16 (d,2H) 
EXAMPLE 3 



[0057] Into a dry three-way flask, 3-bromo-2-methyl-5-(2-thienyl) thiophene (1 .3 g, 0.005 mol) and diethylether (1 00 
ml) were placed and allowed to cool to -78°C in an aceton-dry ice bath under an argon gas atmosphere. By adding 

25 secbutyllithium (cyclohexane solution, 0.0056mol), the product was stirred forthirty minutes, then was allowed to react 
at -78°C for 2 hours by adding octafluorocyclopentene (0.48 g, 0.0025 mol). The reaction product was heated to room 
temperatures, and the organic layer was extracted by adding water. The layer extracted was concentrated, and purified 
by silica gel column chromatogram to give 1 ,2-bis[2-methyl-5-(2-thienyl)-3-thienyl]hexafluorocyclopentene (0.8g, 
0.0054mol). 

30 MS(m/e) 532(M+) 

1 H-NMR (CDCI3) 1.95 (s, 6H). 7.00(dd, 2H), 7.11 (s,2H), 7.12 (dd, 2H), 7.24 (dd,2H) 
[0058] A hexane solution of this 1 ,2-bis[2-methyl-5-(2- thienyl)-3-thienyl]hexafluorocyclopentene, which has an ab- 
sorption at 322 hm but is colorless, showed an absorption at 605nm and assumed blue, when irradiated by ultraviolet 
light. The absorption at 605nm was considered attributable to the production of a ring-closure product due to a photo 

35 ring formation reaction. An acetonitrile solution (10 mmol dm' 3 , including 0.1 mmol dnrr 3 tetrafluoroammonium tetrafluor- 
oborate as a supporting electrolyte) of 1 ,2-bis[2-methyl-5-(2-thienyl)-3-thienyl]hexaf luorocyclopentene was examined 
for oxidation-reduction characteristics. It was found that the oxidation potential was 1 .55V(Ag/AgCI0 4 ) for the ring- 
opening-product, while it was 0.63V(Ag/AgCIO 4 ) for the ring-closure product. 

40 EXAMPLE 4 

[0059] 1 ,2-bis(2-methhyl-5-trimethylsilyl-3-thienyl)hexaf luorocyclopentene (2.1 6 g, 0.005 mol) was dissolved in chlo- 
roform (200 ml) and was allowed to react for 6 hours under refluxing conditions by adding concentrated hydrobromic 
acid (10 ml) to the solution. After the completion of the reaction, the chloroform layer was washed with an aqueous 
45 solution of sodium bicarbonate and the chloroform was removed under reduced pressures. The reaction product was 
purified by silicagel column chromatogram to give 1,2-bis(2-methyl-3-thienyl)hexaf luorocyclopentene (1.8 g, 0.O049 
mol) for use in Example 6. 



EXAMPLE 5 



[0060] 1 l 2-bis(2-methyl-5-trimethylsilyl-3-thienyl)hexafluorocyclopentene (5.25 g, 0.01 mol) was dissolved in chlo- 
roform (200 ml) and was allowed to react for 6 hours under refluxing conditions by adding bromine {3.2 g, 0.02 mol) 
to the solution. After the completion of the reaction, dioxane was added to water (2 1), and the organic layer was 
extracted with chloroform. The chloroform layer was washed with an aqueous solution of sodium bicarbonate to remove 
55 chloroform under reduced prepressures. The reaction product was purified by silicagel column chromatogram to give 
1 ^-bisJS-bromo^-methyl-S-thienyOhexafluorocyclopentene (2.1 g, 0.004 mol). 
M=524 (M+), 526 (M+ 2 ), 528 (M+ 4 ) 
1 H-NMR(CDCI 3 ) 1 .87 (s, 6H), 6.91 (s, 2H) 
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EXAMPLE 6 

[0061] 1 ,2-bis(2-methyl-3-thienyl)hexafluorocyclopentene (1 .84, 0.005 mol) was dissolved in dioxane (200 ml) and 
was allowed to react for 6 hours under refluxing conditions by adding bromine (1.6g, 0.01 mol) to the solution. After 
5 the completion of the reaction, dioxane was added to water (21), and the organic layer was extracted with chloroform. 
The chloroform layer was washed with an aqueous solution of sodium bicarbonate and then the chloroform was re- 
moved under reduced pressures. The reaction product was purified by silicagel column chromatogram to give 1 ,2-bis 
(5-bromo-2-methyl-3-thienyl)hexafiuorocyclopentene (0.8 g, 0.0019 mol). 

10 EXAMPLE 7 

[0062] Into a dry 300 ml three-way flask, 1 ,2-bis(5-bromo-2-methyl-3-thinyl)hexafluorocyclepentene (0.8 g, 0.0019 
mol) and diethylether(100 ml) were placed and allowed to cool to -78°C in an aceton-dry ice bath under an argon gas 
atmosphere. By adding n-butyllithium (hexane solution, 0.002 mol), the product was stirred for thirty minutes, then was 
15 allowed to react at -78°C for 2 hours by adding trimethylsilylbromide (0.61 g, 0.004 mol). The reaction product was 
heated to room temperatures, and with water added thereto, the organic layer was extracted therefrom. The layer 
extracted was concentrated, and purified by alumina. column chromatogram to give 1 ,2-bis(2-miethyl-5-trimethlsilyl- 
3-thienyl) hexafluorocyclopentene (0.75 g, 0.0016 mol). 

20 EXAMPLE 8 

[0063] 1 ^-bistS-bromo^-methyl-S-thienylJhexafluorocyclopentene (2.1 g, 0.004 mol) obtained in EXAMPLE 5 was 
dissolved in dimethoxy ethane (1 00 ml), palladium tetra(triphenylphosphine) (240 mg) was added to the mixture which 
was stirred for 5 minutes under argon atmosphere. With 5-trimethylsilyl-2-thienyl boric acid (2.0 g, 0.01 mol) and an 
25 aqueous solution of potassium carbonate (0.1 moldnr 3 , 20ml) were added, the reaction mixture was refluxed for two 
hours. It was then concentrated under reduced pressures, extracted with diethylether and rinsed with water. With the 
diethyether removed under reduced pressures, the product was purified by alumina column chromatogram to give 
1 ,2-bist2-methyl-5-(5-trimethylsiryl-2-thienyl)-3-thienyl]hexafluorocyclopentene (1 .35 g, 0.002 mol). 
MS 676 (M+) 

30 1H-NMR(CDCI 3 ) 0.17 (1 8H, S), 1 .51 (6H, S), 7.13 (2H, S) 7.12 (2H, d), 7.1 8 (2H, d) 

[0064] A hexane solution of this 1 ,2-bis[2-methyl-5-(5-trimethylsilyl-2-thienyl)-3-thienyl)hexafluorocyclopentene, 
which has an absorption at 320 nm but is colorless, showed an absorption at 602 nm and assumed blue, when irradiated 
by ultraviolet light. The absorption at 602 nm was considered attributable to the production of a ring-closure product 
due to a photocyclization. An acetonitrile solution (10 mmol dnr 3 . including 0.1 mmol dnrr 3 tetrafluoroammoni- 

35 umtetrafluoroborate as a supporting electrolyte) of 1 ,2-bis [2-methyl-5-(5-trimethylsilyl-2-thienyl)-3-thienyl] hexafluor- 
ocyclopentene was examined for oxidation-reduction characteristics. It was found that the oxidation potential was 1 .57 
V (Ag/AgCI0 4 ) for the ring-opening product, while it was 0.63 V (Ag/AgCI0 4 ) for the ring-closure product. 

EXAMPLE 9 

40 

[0065] In an acetonitrile solution (1 0 mmol dm* 3 , including 0.1 mol dm' 3 tetrafluoroammonium tetrafluoroborate as a 
supporting electrolyte) of 1 ,2-bis[2-methyi-5-(2-thienyl)-3-thienyl]hexafluorocyclopentene, electrolytic polymerization 
was carried out at an oxidation potential of 1.55 V (Ag/AgCI0 4 ) using a glass electrode coated with indium-tin oxide 
(ITO). The result was the formation of a yellow polymer film on the ITO electrode. In the case of a ring-closure product 
45 induced by irradiation of ultraviolet light was electroiytically polymerized at 0.8 V, a dark blue polymer film was formed. 
This film polymerized from the ring-closure product showed electrochromism in which it assumed red as a result of 
electrochemical reduction, and turned blue by re-oxidation, as indicated in FIG. 2. 

EXAMPLE 10 

50 

[0066] 1,2-Bis(5-bromo-2-methyl-3-thienyl)hexafluorocyclopentene (1.0 g 0.002 mol) was dissolved in dimethox- 
yethane (50 ml), and palladium tetra(triphenylphosphine) (120 mg) was added to the mixture which was stirred for 5 
minutes under argon atmosphere. With 4-methyl-2-thienyl boric acid (852 mg, 0.006 mol) and an aqueous solution of 
potassium carbonate (0.1 mol dm" 3 , 1 0 ml) were added, the reaction mixture was refluxed for two hours. It was then 
55 concentrated under reduced pressures, extracted with diethylether and rinsed with water. With the diethylether removed 
under reduced pressures, the product was purified by alumina column chromatogram to give 1 ,2-bis[2-me;thyl-5-(4-me- 
thyl-2-thienyl)-3-thienyl]hexafluorocyclopentene (447 mg, 0.0008 mol). 
MS 558 (M 4 ) 
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1H-NMR (CDCI 3 ) 1.94 (s, 6H). 2.25 (s, 6H), 6.98 (s, 2H), 7.11 (s, 2H), 7.13 (s, 2H) 
[0067] A hexane solution of this 1 r 2-bis[2-methyl-5-(4-methyl-2-thienyl)-3-thienyl]hexafluorocyclopentene, which has 
an absorption at 31 5 nm and assumes light yellow, showed an absorption at 600 nm and assumed blue,when irradiated 
by ultraviolet light. The absorption at 600 nm was considered attributable to the production of a ring-closure product 
due to a photo ring formation reaction. An acetonitrile solution (10 mmol dm 3 , including 0.1 mmol dm* 3 tetrafluo roam- 
mo niumtetrafluoroborate as a supporting electrolyte) of 1,2-bis[2-methyl-5-(4-methyl-2-thienyl)-3-thienyl]hexafluoro- 
cyclopentene was examined for oxidation -reduction characteristics. It was found that the oxidation potential was 1 .48 
V (Ag/AgCI0 4 ) for the ring-opening product, while it was 0.56V(Ag/AgCIO 4 ) for the ring-closure product. 



w EXAMPLE 11 



[0068] 1 ,2-bis(5-bromo-2-methyl-3-thienyl)hexafluorocyclopentene (1 .0 g, 0.002 mol) was dissolved in dimethox- 
yethane (50 ml), and palladium tetra(triphenylphosphine) (120 mg) was added to the mixture which was stirred for 5 
minutes under argon atmosphere. With 4-methyl-2-thienyl boric acid (2.28g, 0.006, mol) and an aqueous solution of 
is potassium carbonate (0.1 moldm' 3 1 0ml) were added, the reaction mixture was refluxed for two hours. It was then 
concentrated under reduced pressures, extracted with diethylether and rinsed with water. With the diethylether removed 
under reduced pressures, the product was purified by alumina column chromatogram to give 1 ,2-bis[2-methyl-5- 
(3-stearyl-2-thienyl)-3-thienyl] hexafluorocyclopentene (520 mg, 0.0005mol). 

[0069] 1 H-NMR (CDCI 3 ) 0.94 (t, 6H), 1 .34 (m, 60H), 1 .50 (s, 6H), 1 .67 (h, 6H), 2.68 (t, 6H), 6.98 <d, 2H), 7.12 (s, 
20 2H), 7.20 (d, 2H) 

[0070] A hexane solution of this 1 ,2-bis[2-methyl-5-(3-stearile-2-thienyl)-3-thienyl]hexafluorocyclopentene, which 
has an absorption at 315 nm and assumes light yellow, showed an absorption at 600 nm and assumed blue, when 
irradiated by ultraviolet light. The absorption at 600 nm was considered attributable to the production of a ring-closure 
product due to a photocycrization. An acetonitrile solution (5 mmol dm- 3. including 0.1 mol drrr 3 tetrafluoroam moni- 
es umtetrafluoroborate as a supporting electrolyte) of 1 ,2-bis[2-methyl-5-(4-methyl-2-thienyl)-3-thienyl]hexafluorocy- 
clopentene was examined for oxidation reduction characteristics. It was found that the oxidation-potential was 1 .50 V 
(Ag/AgCI0 4 ) for the ring-opening product, while it was 0.56V (Ag/AsCI0 4 ) for the ring-closure product. 

EXAMPLE 12 

30 

[0071] 1 ,2-bis(5-bromo-2-methyl-3-thienyl)hexafluorocyclopentene (1 .0 g, 0.002 mol) was dissolved in dimethox- 
yethane (50 ml), and palladium tetra(triphenylphosphine) (120 mg) was added to the mixture which was stirred for 5 
minutes under argon atmosphere. With 5-(5-trimethylsilyl-2-thienyl)-2-thienyl boric acid (1 .4 g, 0.006 mol) and an aque- 
ous solution of potassium carbonate (0.1 mol dm" 3 , 1 0ml) were added, the reaction mixture was refluxed for two hours. 
35 It was then concentrated under reduced pressures, extracted with diethylether and rinsed with water. With the dieth- 
ylether removed under reduced pressures, the product was purified by alumina column chromatogram to give 1 ,2-bis 
[2-methyl-5{5-trimethylsilyl-2-thienyl)-2-thienyl}-3-thienyl] hexafluorocyclopentene (550 mg : 0.0007 mol). 
MS (m/e) 784(M + ) 

1 H-NMR (CDCI 3 ) 0.34 (s, 18H), 1.52 (s, 6H), 7.11 (d, 2H), 7.12 (s, 2H), 7.1 7 <d. 2H), 7.20 (d, 2H), 
40 [0072] A hexane solution of this 1 t 2-bis[2-methyl-5{5-trimethylsilyl-2-thienyl)-2-thienyl}-3-thienyl]hexafluorocy- 
clopentene, which assumes yellow, showed an absorption at 660 nm and assumed blue 5 when irradiated by ultraviolet 
light. The absorption at 660 nm was considered attributable to the production of a ring-closure product due to a pho- 
tocyclization. An acetonitrile solution (5 mmol dnr 3 including 0.1 mol dm" 3 tetrafluoroammonium tetrafluoroborate as 
a supporting electrolyte) of l^-bisg-methyl^S-trimethylsilyl^-thienyO^-thienylJ-S-thienyl] hexafluorocyclopentene 
45 was examined for oxidation-reduction characteristics.lt was found that the oxidation potential was 1 .1 V (Ag/AgCI0 4 ) 
for the ring-opening product, while it was 0.50 V (Ag/AgCI0 4 ) for the ring-closure product. 

EXAMPLE 13 

so [0073] A methylene chloride solution of this 1 ,2-bis[2-methyl-5{5-trimethylsilyl-2-thienyl)-2-thienyl}-3- thienyl] hex- 
afluorocyclopentene was deaerated with argon gas, and the compounds contained therein were converted into a ring- 
closure product by irradiation of ultraviolet light. The solution assumed blue, and when ferric chloride was added to the 
solution, dark blue high polymers came to be precipitated. The high polymer materials produced from the ring-closure 
product were insoluble and infusible, and their absorption spetrum was found to be the same as that of blue and black 

55 film high polymers. 
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EXAMPLE 14 



[0074] 50 mg of magnesium was placed in a we II -dried three-way flask, and was heated and allowed to dry under 
nitrogen flow. A tetrahydrofuran anhydride solution (50 ml) of 1 ,2-bis(5-bromo-2-methyl-3-thienyl)hexafluorocyclopen- 

5 tene (1 .0 g, 0.002 mol) was added to prepare Grigoard reagent. The reagent was cooled to room temperatures, then 
57 mg of nickel dichloro(2,2-bipyridine ) was added thereto. The product was refluxed with heating for 5 hours. The 
reaction mixture purified in hydrochloric acid-methanol and the impurities were removed by filtration to give 0.5 g of 
brown polymer. Chloroform soluble part of the precipitate was extracted and was measured for 1 H-NMR (CDCI 3 ); an 
absorption of a strength ratio of 3:1 was observed at 1.7ppm and 7.2ppm. Gel permeation chromatograpy (GPC) 

10 showed that the mean molecular weight was in the order of 1 500. 

[0075] As described in detail, the instant invention provides the thiophene derivative and the polymer thereof which 
will respond to light and electricity and which are best suited for use as photorecording materials and light-electricity 
conversion elements. 

15 

Claims 

1 . A thiophene derivative expressed by the following Formula (I): 



20 



25 




C I ) 



(Where n and m are independent integral numbers of 0 or more; R 1 is a hydrogen atom, a halogen atom or 
a trialkylsilyl group; R 2 are an alkylene group which may possess a substituent group to form a rin g with an ethylenic 
30 linkage and a -COOCO- group, respectively, or exclusively a cyano group; and R 3 , R 4 and R 5 are independent 

constituents, and are a hydrogen atom or an alkyl group, respectively; with the proviso that when the two R 2 groups 
together represent the linkage (CF 2 ) 2l 3,4 or 5" and m=n=0, is not H.) 

2. A method for producing a thiophene derivative according to Claim 1 above, wherein R n is a hydrogen atom or a 
35 trialkylsilyl group, comprising the step of : 

allowing an alkene compound expressed by the following Formula (II) 

* 

R ? 



40 



45 



cn) 



(Where R 2 is either an alkylene group which may possess a substituent group or a -COOCO- group forming 
a ring structure with an ethylenic linkage, respectively, or exclusively a cyano group, and Z is a halogen atom) 
so to react with a thiophene compound expressed by the following Formula (111) below 



55 




cm) 
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(Where 1 is an integral number of 0 or more; R-j is a hydrogen atom, a halogen atom or a trialkylsilyl group; 
R 3 , R 4 and R 5 are independent constituents, and are a hydrogen atom or an alkyl grpup, respectively; and X 
is a halogen atom; with the proviso that when the two R 2 groups together represent the linkage - (CF 2 ) 2i 3,4 or s~ 
and 1=0, Ri is not H.) 

3. A method for producing a thiophene derivative according to Claim 2 above, wherein the alkene compound of 
Formula II is a perfluorocycloalkene which can be expressed by the following formula (IV): 




(IV) 



(Where, k is an integral number ranging from 2 to 4.) 

4. A method for producing a thiophene derivative according to Claim 1 above, wherein R-, is a hydrogen atom or a 
20 trialkylsilyl group, comprising the step of: 

allowing an alkene compound expressed by the following Formula (V) to react with a thiophene compound 
expressed by Formula (VI) below 




(V) 



(where p and q are independent integral numbers of 0 or more; R 0 is a halogen atom; R 2 is either an alkylene 
35 group which may possess a substituent group or a -COOCO-group forming a ring with an ethylenic linkage, 

respectively, or exclusively a cyano group; and R 3 , R 4 and R 5 are independent constituents, and are a hydrogen 
atom or an alkyl group, respectively.) 




(VI) 



(where, r is an integral number greater than O; R 4 and R 5 are independent constituents, and are a hydrogen 
atom or an alkyl group, respectively; Y shows a -B(OH) 2 , trialkyl tin residue or a halogenated magnesium 
residue; and R 1 is a hydrogen atom or a trialkylsilyl group.) 

5. A method for producing athiophene derivative according to Claim 1 above wherein R 1 is a halogen atom.comprising 
the step of substituting a hydrogen atom or a trialkylsilyl group, a constituent element expressed as R 1 in Formula 
(I), by a halogen atom. 

55 6. A method for producing a thiophene derivative according to Claim 1 above wherein R-j is a hydrogen atom, com- 
prising the step of causing an acid decomposition reaction of a trialkylsilyl group to give' a hydrogen atom as fV 
in Formula (I). 
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7 A method for producing a thiophene derivative according to Claim 1 above wherein Ri is a trialkylsilyl group, 
comprising the step of substituting a halogen atom expressed as Rf in Formula (I) by a trialkylsilyl group. 

8. A thiophene derivative which is a photoisomer of a thiophene derivative in Formula (I) accordingto Claim 1 above 
and which is expressed by the following Formula (VII): 



10 




15 



20 



25 



wherein R^Rs, m and n are as defined in claim 1 . 

9. A method for producing a thiophene derivative according to Claim 8 above, wherein the thiophene derivative in 
Formula (I) according to Claim 1 is irradiated with ultraviolet rays of light to produce photoisomerization. 

10. A method for producing a thiophene derivative according to Claim 1 above, wherein a thiophene derivative as 
defined in Claim 8 above is irradiated with visible light to produce photoisomerization. 

1 1. A polymer of a thiophene derivative having a building block of Formula (VIII) or (IX) 
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45 
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50 



55 



(Where n and m are independent integral numbers of 0 or more; , Ri is a hydrogen atom, a halogen atom 
or a trialkylsilyl group; R 2 is either an alkylene group which may possess a substituent group or a -COOCO- group 
forming a ring with an ethylenic linkage, respectively, or exclusively a cyano group; and R 3 , R 4 and R 5 are inde- 
pendent constituents and are a hydrogen atom or an alkyl group, respectively.) 

12. A method for producing a polymer of a thiophene derivative according to Claim 11 above, comprising the step of 
polymerizing electro lytically or through oxidation of a thiophene derivative of the following Formula (X) or (XI): 



RWRnnnm- *pp o6saeo5Bi l > 
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(wherein n, m, R 2 , R 3> R 4 and R 5 are as defined in claim 11). 

25 13. A method for producing a thiophene derivative polymer according to Claim 11 above, comprising the step of chem 
ically polymerizing a thiophene derivative expressed in the of Formula (XII) or (XIII): 
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40 




(XH) 



CXBL) 



(Where W is a halogen atom, and n, m, R 2 , R 3> R 4 and R 5 are as defined in claim 11). 

50 Patentanspruche 

1 . Thiophenderivat, das durch die folgende Formel (I) ausgedriickt ist: 
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10 



15 



20 




2. 



(I) 



(wobei n und m unabhangige ganze Zahlen von 0 oder mehr sind. R t ein Wasserstoffatom, ein Halogenatom Oder 
eine Trialkylsilylgruppe ist, R 2 jeweils eine Alkyiengruppe ist, die eine Substituentengruppe besitzen kann, urn 
einen Ring mit einer Ethylenbindung und einer -COOCO-Gruppe zu bilden , oder ausschlieBlich eine Cyanogruppe 
ist, und R 3 , R 4 und R 5 unabhangige Bestandteile sind, und jeweils ein Wasserstoffatom oder eine Alkylgruppe 
sind, unter der Bedingung, daf3 R-j nicht H ist, wenn die zwei R 2 -Gruppen zusammen die Bindung - (CF 2 ) 2 ,3,4 oder 5' 
darstellen und m=n=0 ist). 

Verfahren zur Hersteliung eines Thiophenderivats nach Anspruch 1, wobei R., ein Wasserstoffatom oder eine 
Trialkylsilylgruppe ist, das die folgende Schritte umfafct: Reaktion einer Alkenverbindung, die durch die folgende 
Formel (II) ausgedruckt ist 



25 



>=< 



(II) 



z 



30 



(wobei R 2 entweder jeweils eine Alkyiengruppe ist, die eine Substituentengruppe oder eine -COOCO-Gruppe 
besitzen kann, die eine Ringstruktur mit einer Ethylenbindung bildet, oder ausschlieBlich eine Cyanogruppe 
ist, und Z ein Halogenatom ist) mit einer Thiophenverbindung, die durch die folgende Formel (III) ausgedruckt 
ist 
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40 



45 



50 



R 5 FUR* / 



(III) 



(wobei I eine ganze Zahl von 0 oder mehr ist, R., ein Wasserstoffatom, ein Halogenatom oder eine Trialkylsi- 
lylgruppe ist, R 3 , R 4 und R 5 unabhangige Bestandteile sind und jeweils ein Wasserstoffatom oder eine Al- 
kylgruppe sind, und X ein Halogenatom ist, unter der Bedingung, daf3 R A nicht H ist, wenn die beiden R 2 - 
Gruppen zusammen die Bindung - (CF 2 ) 2f 3 f4odcr 5- darstellen und 1 = 0 ist). 

Verfahren zur Hersteliung eines Thiophenderivats gemaB Anspruch 2, wobei die Alkenverbindung mit Formel II 
ein Perfluorcycloalken ist, das durch die folgende Formel (IV) dargestellt werden kann: 
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f . V (IV) 

r v 

F F 

(wobei k eine ganze Zahl im Bereich von 2 bis 4 ist). 

4. Verfahren zur Herstellung eines Thiophenderivats gemaB Anspruch 1 , wobei R 1 ein Wasserstoffatom oder eine 
Trialkylsiiylgruppe ist, das die folgenden Schritte umfaBt: 

Reaktion einer Alkenverbindung, die durch die folgende Formel (V) ausgedriickt ist, mit einer Thiophenver- 
bindung, die durch die nachfolgende Formel (VI) ausgedriickt ist 




(V) 



(wobei p und q unabhangig ganze Zahlen von 0 oder mehr sind, R 0 ein Halogenatom ist, R 2 entweder jeweiis 
30 eine Alkylengruppe ist, die eine Substituentengruppe oder eine - COOCO-Gruppe besitzt, die einen Ring mit 

einer Ethylenbindung bildet, oder ausschlieBlich eine Cyanogruppe ist, und R 3 , R 4 und R 5 unabhangige Be- 
standteiie sind und jeweiis ein Wasserstoffatom oder eine Alkylgruppe sind). 



Y (vi> 



(wobei r eine ganze Zahl groBer als 0 ist, R 4 und R 5 unabhangige Bestandteile sind und jeweiis ein Wasser- 
45 stoffatom oder eine Alkylgruppe sind, Y ein -B(OH) 2 , eine Trialkyl-Zinn-Komponente oder eine halogenierte 

Magnesiumkomponente zeigt, und R 1 ein Wasserstoffatom oder eine Trialkylsiiylgruppe ist. 

5. Verfahren zur Herstellung eines Thiophenderivats gemaB Anspruch 1 , wobei R 1 ein Halogenatom ist, das den 
Schritt der Substitution eines Wasserstoff atoms oder einer Trialkylsiiylgruppe oder eines in Formel I als R 1 aus- 

50 gedruckten Teilelements durch ein Halogenatom umfaBt. 

6. Verfahren zur Herstellung eines Thiophenderivats gemaB Anspruch 1 , wobei R 1 ein Wasserstoffatom ist, das den 
Schritt des Bewirkens einer Saure-Zersetzungsreaktion von einer Trialkylsiiylgruppe umfaBt, urn in Formel (I) als 
R 1 ein Wasserstoffatom zu ergeben. 

55 

7. Verfahren zur Herstellung eines Thiophenderivats gemaB Anspruch 1 , wobei R 1 eine Trialkylsiiylgruppe ist das 
den Schritt der Substitution eines Halogenatoms, das in Formel (I) als R-i ausgedriickt ist, durch eine Trialkylsiiyl- 
gruppe umfaBt. 
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8. Thiophenderivat, das ein Photoisomer eines Thiophenderivats mit Formel (I) gemaB Anspruch 1 ist, und das durch 
die folgende Formel (VII) ausgedruckt ist: 



5 



10 




(VII) 



wobei R^Rs, m und n wie in Anspruch 1 definiert sind. 

15 

9. Verfahren zur Herstellung eines Thiophenderivats gemaB Anspruch 8, wobei das Thiophenderivat mit Formel (I) 
gemaB Anspruch 1 mit ultravioletten Lichtstrahlen bestrahlt wird, um eine Photoisomerislerung zu bewirken. 

1 0. Verfahren zur Herstellung eines Thiophenderivats gemaB Anspruch 1 , wobei ein Thiophenderivat nach Anspruch 
20 8 mit sichtbarem Licht bestrahlt wird, um eine Photoisomerisierung zu bewirken. 

11. Polymer aus einem Thiophenderivat mit einem Baustein der Formel (VIII) oder (IX): 
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(wobei n und m unabhangige ganze Zahlen von 0 oder mehr sind, R 1 - ein Wasserstoffatom, ein Halogenatom oder 
eine Trial kylsilylgruppe ist, R 2 entweder jeweils eine Alkylengruppe ist, die eine Substituentengruppe oder eine 
so -COOCO-Gruppe besitzt, die einen Ring mit einer Ethylenbindung bildet, oder ausschlieBlich eine Cyanogruppe 

ist, und R 3 , R 4 und R 5 unabhangige Bestandteile sind und jeweils ein Wasserstoffatom oder eine Alkylgruppe sind). 

12. Verfahren zur Herstellung eines Polymers aus einem Thiophenderivat gemaB Anspruch 11, das den Schritt der 
elektrolytischen oder oxidativen Polymerisation eines Thiophenderivats mit der folgenden Formel (X) oder (XI) 
55 umfaBt: 



20 



5. 



10 



15 



20 




(wobei n, m, R 2 , R3, R4 und R 5 wie in Anspruch 11 de sind). 

25 1 3. Verfahren zur Herstellung eines Th iop he nderi vat-Polymers gemaB Anspruch 11 , das den Schritt der chemischen 
Polymerisation eines Thiophenderivats umfaBt, das in Formel (XII) oder (XIII) ausgedriickt ist: 
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35 



40 



45 




(XII) 



(XIII) 



50 

(wobei W ein Halogenatom ist und n, m, R 2 , R 3 . R4 und R 5 wie in Anspruch 11 definiert sind). 



R eve ndi cat ions 

55 

1 . Derive de thiophene represents par la formule (I) suivante : 
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C I ) 
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15 



20 



2. 



(oil n et m sont des nombres entiers independants de 0 ou plus ; R 1 est un atome d'hydrogene, un atome d'halogene 
ou un groupe trialkylsilyle ; les R 2 sont un groupe alkylene qui peut porter un groupe substituant pour former un 
cycle avec une liaison ethylenique et un groupe -COOCO-, respectivement, ou exclusivement un groupe cyano ; 
et R 3 , R 4 et R 5 sont des constituants independants, et sont un atome d'hydrogene ou un groupe alkyle, 
respectivement ; a condition que si les deux groupes R 2 represented ensemble la liaison -(CF 2 )2 t 3,4 ou 5" et m = 
n = 0, R-i ne soit pas H). 

Procede de production d'un derive de thiophene selon la revendication 1 ci-dessus, dans lequel R n est un atome 
d'hydrogene ou un groupe trialkylsilyle, comprenant les etapes consistant a : 

faire reagir un alcene represente par la Formule (II) suivante 



25 



R 



R 



> 



CD) 



30 



(ou R 2 est un groupe alkylene qui peut porter un groupe substituant ou un groupe -COOCO- formant une 
structure cyclique avec une liaison ethylenique, respectivement, ou exclusivement un groupe cyano, et Z est 
un atome d'halogene) avec un compose de thiophene represente par la Formule (III) suivante ci-dessous 



35 




cur) 



CH 3 



40 



45 



(ou I est un nombre entier de 0 ou plus ; R 1 est un atome d'hydrogene, un atome d'halogene ou un groupe 
trialkylsilyle ; R 3 , R 4 et R 5 sont des constituants independants et represented un atome d'hydrogene ou un 
groupe alkyle, respectivement ; et X est un atome d'halogene ; a condition que si les deux groupes R 2 repre- 
sented ensemble la liaison - (CF 2 ) 2 ,3 ( 4 ou 5 _ et 1 55 °» R 1 ne soit P as H )- 

Procede de production d'un derive de thiophene selon la revendication 2 ci-dessus, dans lequel I'alcene de Formule 
II est un perfluorocycloalcene qui peut etre represente par la formule (IV) suivante : 



50 



55 




(IV) 



(ou k est un nombre entier valant de 2 a 4). 
4. Procede de production d'un derive de thiophene selon la revendication 1 ci-dessus, dans lequel R., est un atome 
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d'hydrogene ou un groupe trialkylsilyle, comprenant les stapes consistant a : 

faire reagir un alcene represents par la Formule (V) suivante avec un thiophene represente par la Formule 
(VI) cl-dessous 

5. • 



10 




( V ) 



15 (ou p et q sont des nombres entiers independants de 0 ou plus ; R 0 est un atome d'halogene ; R 2 est un groupe 

alkylene qui peut porter un groupe substltuant ou un groupe -COOCO- formant un cycle avec une liaison 
ethylenique, respectivement, ou exclusivement un groupe cyano ; et R 3 , R 4 et B 5 sont des constituants Inde- 
pendants, et represented un atome d'hydrogene ou un groupe alkyte, respectivement) 



25 




( . VI ) 



(ou r est un nombre entier superieur a 0 ; R 4 et R 5 sont des constituants independants et represented un 
atome d'hydrogene ou un groupe alkyle, respectivement ; Y represente -B(OH) 2 , un residu de trialkyletain ou 
30 un residu de magnesium halogene ; et R 1 est un atome d'hydrogene ou un groupe trialkylsilyle). 

5. Procede de production d'un derive de thiophene selon la revendication 1 ci-dessus dans lequel F^ est un atome 
d'halogene, comprenant I'etape consistant a remplacer un atome d'hydrogene ou un groupe trialkylsilyle, un ele- 
ment constitutif represente par R n dans la Formule (I), par un atome d'halogene. 

35 

6. Procede de production d'un derive de thiophene selon la revendication 1 ci-dessus dans lequel R 1 est un atome 
d'hydrogene, comprenant I'etape consistant a provoquer une reaction de decomposition acide d'un groupe trialk- 
ylsilyle pour obtenir un atome d'hydrogene en tant que R 1 dans la Formule (I). 

40 7. Procede de production d'un derive de thiophene selon la revendication 1 ci-dessus dans lequel R n est un groupe 
trialkylsilyle, comprenant I'etape consistant a remplacer un atome d'halogene represente par R 1 dans la Formule 
(I) par un groupe trialkylsilyle. 

8. Derive de thiophene qui est un photo-isomere d'un derive de thiophene de Formule (I) selon la revendication 1 ci- 
45 dessus et qui est represente par la Formule (VII) suivante : 



50 




(VD 



55 

ou ^ a R 5> m et n sonttels que definis dans la revendication 1 . 
9. Procede de production d'un derive de thiophene selon la revendication 8 ci-dessus, dans lequel le derivexle thio- 
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phene de Formule (I) selon la revendbation 1 est irradie avec des rayons ultraviolets pour provoquer une photo- 
isomerisation. 

10. Proced6 de production d'un derive de thiophene selon la revendlcatlon 1 ci-dessus, dans lequel un derive de 
5 thiophene tel que deflni dans la revendlcation 8 ci-dessus est irradie avec de la lumiere visible pour provoquer 

une photo-isomerisation. 

11. Polymere d'un derive de thiophene ayant un bloc d'edification de Formule (VIII) ou (IX) : 

10 
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(ou n et m sont des nombres entiers independants de 0 ou plus ; R., est un atome d'hydrogene, un atome d'halogene 
ou un groupe trialkylsilyle ; R 2 est un groupe alkylene qui peut porter un groupe substituant ou un groupe -COOCO- 
formant un cycle avec une liaison ethylenique, respectivement, ou exclusive ment un groupe cyano ; et R 3> R 4 et 
R 5 sont des constituants independants et represented un atome d'hydrogene ou un groupe alkyle, respective- 
ment). 

12. Procede de production d'un polymere d'un derive de thiophene selon la revendication 11 ci-dessus, comprenant 
I'etape consistant a polymeriser electrolytiquement ou par voie d'oxydation un derive de thiophene de Formule (X) 
ou (XI) suivante : 
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(X) 
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(XI) 



10 

(ou n, m, R 2 , R 3 , R 4 et R 5 sont tels que definis dans la revendication 11). 

13. Procede de production d'un polyrnere de derive de thiophene selon la revendication 11 ci-dessus, comprenant 
is I'etape consistant a polymeriser chimiquement un derive de thiophene represents par la Formule (XII) ou (XIII) : 
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(XI) 



cxm) 



35 (ou W est un atome d'halogene, et n, m, Rg, R 3> R 4 et R 5 sont tels que definis dans la revendication 11 ). 
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